Abstract Ionic mechanisms underlying Bat +-induced automaticity in the bullfrog atrial muscle were studied by performing current and voltage clamp experiments using the double sucrose-gap technique. The application of Bat + of more than 0.01 mM induced membrane depolarization, and its amplitude became larger with increasing [Ba2+]0. Pacemaker activity was initiated above 0.3 mM Ba2 + . Voltage clamp experiments revealed a marked decrease in the membrane conductance during hyperpolarizing steps, suggesting a depression of anomalous rectifier ('k,). The time course of the outward current tail was fitted with a sum of fast ('r 0.8 s) and slow (i = 4-5 s) exponential components. The slow component (Ia) was markedly depressed by Ba2 +, but the fast component (IX) remained. There was no significant change in the slow inward current (IS;). The hyperpolarization-activated current had an activation threshold of about -90 mV and was depressed by Ba2 + at concentrations higher than 1 mM. The pacemaker activity was suppressed by depleting either Na+ or Cat + in the bath solutions. The activation of the IS; might be responsible for both the later phase of the pacemaker depolarization and the rapid rising of the spontaneous action potential during low-voltage oscillation; the sodium current might take a similar role in the high-voltage oscillation. The IXS may play the major role in generating the diastolic depolarization. The suppression of the Iki and I by Ba2 + may provide a low background K conductance, which is essential for the initiation of the pacemaker activity.
embryo (SPERELAKIS and LEHMKUHL, 1965) . It has been established that the Bat +-induced automaticity is accompanied with a decrease in the resting potential and an increase in the slope of diastolic depolarization. These changes in the membrane potential were explained by a decrease of K conductance (gK) (HERMSMEYER and SPERELAKIS, 1970) , and by increases in both the slow inward current (Isi) and the delayed outward current (IK) (HIRAOKA et al., 1980) . Recent voltage clamp experiments disclosed at least six components of the membrane current in the bullfrog atrial muscle: l) the anomalous rectifier K current (Ikl); 2) fast Na current (INaf); 3) Ca current (IS1); 4) K-referred delayed outward current (IXS); 5) accumulation and depletion currents (la); and 6) hyperpolarizationactivated current (If) (ROUGIER et al., 1969; BROWN et al., 1976a, b; NOBLE, 1984; GOTO et al., 1985) . However, the Bat +-induced automaticity has not been fully explained in terms of these current components. In the present study we attempt to clarify the ionic mechanisms underlying Bat+-induced automaticity in the frog atrium. The mechanisms of the Bat +-induced automaticity will be discussed in comparison with those of natural pacemaker and depolarization-induced pacemaker activity (BROWN et al., 1976a, b) .
METHODS
The membrane potential, current, and contractile tension of the atrial muscle of the bullfrog (Rang catesbeiana) were measured simultaneously using the double sucrose-gap technique. The tissue preparations and experimental procedures were the same as reported elsewhere (GoTo et al., 1982 (GoTo et al., , 1983 .
Preparation and apparatus. Thin muscle bundles (0.3 to 0.4 mm in diameter, 5 to 6 mm in length) were isolated from the bullfrog left atrium and mounted in a chamber consisting of five compartments. The central test compartment (0.3 to 0.4 mm in width) was perfused with normal or test solutions, the intermediate compartments (1.0 mm in width) with isotonic sucrose solution (252.5 mM), and the terminal compartments (10 x 5 mm pools) with isotonic KCl solution (126 mM).
Different pairs of low-resistance Ag/AgCI electrodes were used to inject the current and to measure the potential through each of the two sucrose compartments. Two Ag/AgCI plate electrodes were placed in the central compartment to avoid possible polarization artifact due to current application; one for the indifferent electrode to measure the potential, and the other for virtual ground connection. The membrane potential, current, and contractile tension were monitored on a triple beam oscilloscope (Nihon Kohden, VC-9), photographed with a recording camera (ditto, PC-2B) and simultaneously rcorded on a rectified pen recorder (ditto, PMP 3004). The membrane potential was clamped using a voltage clamp amplifier (ditto, CEZ 1100).
Solutions. The normal Ringer solution was of the following composition (in mM): NaC1110.0, KCI 2.5, CaC121.0, NaHC03 2.4, glucose 20.0, and pH was 7.6 . In Bat +-Ringer, 0.01 to 10 mM BaC12 was simply added to the normal Ringer solution, and in K+-excess Ringer, KCl was increased to 5 or 10 mM. Ca2+-free solution was prepared by eliminating CaCl2 from the normal Ringer solution, and Na + -deficient Ringer was made by substituting NaCI with equimolar Tris-Cl (Tris(hydroxymethyl)aminomethane-HC1). When necessary, tetrodotoxin (TTX) (1.5µM) and Co2+ (3.0mM) were used to block the Na and the Ca channels, respectively.
Analysis of the membrane currents. The membrane potential was usually held at the resting gap potential (-75.7 + 8.4 mV, n =11) or at a slightly hyperpolarized level (-80 to -90 mV) . In order to determine the current-voltage relationship, hyperpolarizing or depolarizing pulses of 2.0 to 5.0 s and different voltages were applied at 1.0 to 2.0 min intervals. The effects of Bat + on the activation and deactivation of the delayed outward current (IX) were determined with the two-step clamp method . The first step was a depolarizing pulse of a constant duration (2.0 s) but of different amplitudes (30 to 110 mV) and the second was a constant repolarization to -60 mV and 8 s duration. The second step level was well below the threshold but above the reversal potential of the IX. The amplitude of the current tail was measured from the current level reached at the end of the second step. Other experimental protocols were used to identify the pacemaker current and its reversal potential (see below).
All experiments were performed at 17 + 0.5°C.
RESULTS
1. Effects of Ba2+ on the membrane potential and currents Changes in the resting membrane potential and appearance of spontaneous action potentials were examined with various concentrations of Ba2 + (0.01 to 10 mM). Figure 1 shows effects of exposing the atrial trabeculae to 0.03, 0.3, and 3.0 mM Ba2 + . Resting gap potential or the maximum diastolic potential was reduced by Ba2 +, in a concentration-dependent manner and saturation of the depolarizing effect was obtained above 1.0 mM Ba2 + (Table 1) . Action potential duration at 95 repolarization was prolonged to 131.5±4.8% (n = 4) of the control, in the presence of 0.03 mM Ba2 +, but little changed in the presence of 0.3 and 3.0 mM (98.1 + 6.8 (n = 4), 101.9±3.0% (n = 3) of the control, respectively). Overshoot was decreased with increasing Ba2 + concentration from 0.1 to 1.0 mM, probably due to partial inactivation of the Na channels caused by the depolarization of the membrane. Increasing [Ba2 +]o above 1.0 mM increased both the overshoot and force of twitch tension, which might be caused by Ba current flowing through the Ca channel. Ba2 + above 0.3 mM usually induced spontaneous firing, but never in the case of less than 0.1 mM. All the changes induced by Ba2 + were completely reversed by the reintroduction of normal Ringer solution. Figure 2 shows voltage clamp records in the control (a) and in the presence of 0.01(b), 0.1 (c), 1.0(d), and 3.0 mM (e) Ba2 + . Current responses to depolarizing and hyperpolarizing pulses at 10 mV steps from the holding potential of -90 mV are superimposed. Delayed outward currents during depolarizing pulses diminished dose-dependently with increasing Bat +. In the control, hyperpolarizing pulses induced an activation of the anomalous rectifier current ('k1), which slowly decayed Japanese Journal of Physiology during the pulse, most probably due to K+-depletion in the intercellular space (Fig.  2a) . The application of Bat + strongly inhibited Iki and disclosed a slowly activating inward current If, as illustrated in Fig. 2c . When Bat + concentration was further increased to 3.0 mM, the amplitude of If was decreased (see also GoTO et al., 1985) . Figure 3 shows the current-voltage relationship obtained from an experiment similar to that shown in Fig. 2 . For the terminal current the curve displayed a typical inward rectification in the control, while in the presence of Bat + of increasing concentrations, it became almost linear with decreasing slope conductance in the range from -50 to -120 mV. These curves crossed at -92 + 2 .5 mV (n = 3), which is close to the K-equilibrium potential (EK, -94 .2 ± 0.46 mV, WALKER and LADLE, 1973) , confirming that the current eliminated by Bat + was Iki at potential ranges negative to -50 mV. The slow inward current was little affected by Bat + in the concentrations used, hence only the curve in the control solution is shown. Results similar to those shown in Fig. 3 were obtained in three other experiments. Then we examined the relationship between changes in these current components and automaticity in the presence of Bat + .
Contribution of delayed outward current (Is) to pacemaker potential
The spontaneous action potentials were induced by applying 0.3 mM Ba2 + and the membrane was clamped to the maximum diastolic potential (-70 mV) after repolarization (Fig. 4A ). The membrane current gradually shifted in the inward direction and reached a steady level within 3s. Similar current tail was observed by Vol. 36, No. 3, 1986 Bat applying a depolarizing clamp pulse as shown in Fig. 4A . This observation indicates that a mechanism generating the current tail on repolarization may underlie the slow diastolic depolarization. To know the nature of this current tail, its reversal potential and the time course were further examined by the two-step clamp method (Fig. 4B ). The first step was a constant depolarization of 2 s and 90 mV from the Japanese Journal of Physiology holding potential of -70 mV, and the second step was a test pulse to various potentials (-55 to -95 mV). The time course of the current tail became faster and the amplitude smaller when the test pulse was made more negative, and at potentials more negative than -80 mV the direction of the current change was reversed. In 10 experiments the reversal potential was -79±2 mV on average, which is closer to EK than the reversal potential recorded in the absence of Bat + (-70.9 + 3.7 mV, GOTO et al., 1985) . This finding may be explained by assuming a decrease in K+ accumulation in the intercellular space during the conditioning depolarization, since Bat + blocks membrane K conductances. Another possibility is that the Iki channel is released from the blocking effect of Bat + during depolarization and on re- Vol. 36, No. 3, 1986 Fig. 4. A) The current responsible for the slow diastolic depolarization. The membrane voltage was clamped to the maximum diastolic potential (-70 mV) after an action potential when automaticity was induced by Bat + (0.3 mM). During the clamp, a depolarizing pulse of 30 mV and 2 s was applied (in the middle of the figure) . Note the similarity of the tail currents after depolarizing pulse and after spontaneous activity. B) Reversal potential of the decay tail of the delayed outward current in the presence of Bat + (0.3 mM). A two-step clamp method was used. The first step was a depolarization of 90 mV and 2s, and the second steps were pulses of various voltages applied with 5 mV steps. As the current tail reversed at -80 mV , it may have been the IX (IK) current.
polarization it is again blocked in a time-dependent manner (CARMELIET et al.,1983; DIFRANCESCO et a!., 1984) . Thus the time-dependent decay of Iki may superpose on the current tail of the I,. To examine these possibilities, the effect of Ba2 + on the time course of the current tail was further investigated. In the frog atrial muscle, the 4 current tail is separated into two components, faster decaying I, and slower decaying 4 (GoTo et al., 1982) . To examine the effect of Ba2 + on each component of IX, the tail currents following the depolarizations were recorded in the presence of 0.1 and 1.0 mM Ba2 +, and compared with the Japanese Journal of Physiology control in the semilogarithmic plots (Fig. 5 ). As seen in Fig. 5B , the amplitude of the slow component 4 was strongly suppressed (58% of the control) and the decay time course became faster, but the fast component was little affected either in amplitude or in decay time course in the 0.1 mM Ba2 + . The depression of the slow component is evident in the current recordings in Fig. 5A , where the current tails following various conditioning pulses are superimposed. Though at higher concentrations of Ba2 +, the amplitude of the fast component decreased in a concentration-dependent manner, it remained even in the presence of 10 mM Ba2 +. Changes similar to those mentioned above were also observed in three other preparations. HAGIWARA et al., 1978; STANDEN and STANFIELD, 1978; DIFRANCESCO et a!.,1984) . Furthermore, the time constant of the fast component is close to that of the delayed rectifier K current, which is recently reported in the single cells dissociated from the frog sinus venosus ('K, GILES and SHIBATA, 1985) . We consider that time-dependent decay of I, would be responsible for the pacemaker depolarization in the Ba2+-induced automaticity (see also DISCUSSION).
Contribution of If current
The threshold potential for the activation of If varies among different tissues and it is still a matter of debate whether If can be activated during the course of pacemaker depolarization in the mammalian sino-atrial node (BROWN et a!.,1979; MAYLIE and MORAD,1981; YANAGIHARA and IRISAWA, 1980a, b; NOMA et a1.,1983 (BROWN and DIFRANCESCO, 1980; DIFRANCESCO, 1981) . Figure 6 shows the membrane currents during hyperpolarization to -90 to -130 mV with 10 mV steps at various [K+] o. The holding potential was set at -80 mV, which was less negative than the threshold of If and was more negative than that of I, . With increase in [K+]0, the holding current shifted inwardly and the If current for hyperpolarizing pulses markedly increased; however, the threshold was not significantly altered (about -100 mV in this case). The mean threshold potential obtained from similar experiments in 5 mM K + solution was -90±8 mV (n =10), that is far negative to the maximum diastolic potential of Ba2 +-induced pacemaker activity. In addition, spontaneous activity was not elicited by the application of depolarizing current in high [K+]U (5 mM) solution, in which the 4 current should be increased (Fig. 6B ). These findings suggest that 4 does not contribute to the automaticity. (1980) reported that a gradual increase in IS; plays an important role in generating the pacemaker depolarization in the rabbit sino-atrial node cells. Therefore, the contribution of IS; to the Ba2+-induced pacemaker depolarization was examined by recording the effect of depressing IS; using Cot + . In the experiment shown in Fig. 7A the spontaneous action potentials were induced by applying stepwise depolarizing current. When Cot + (3 mM) was introduced, the frequency of the spontaneous activity induced by a small depolarization decreased and at less negative potentials the spontaneous activity disappeared (Fig. 7A-b) . This finding is consistent with the hypothesis that Japanese Journal of Physiology Stepwise increasing depolarizing current (0.1 pA steps) was applied in control (2.5 mM K+) (a) and excess K+ Ringer (5 mM K+) (b). Traces from top to bottom are applied current, membrane potential, and tension. Spontaneous activity ceased in K+-excess Ringer.
IS; plays a role in pacemaker activity. When Ca2 + was removed from the external solution, the depolarizing current failed to induce pacemaker activity, even at negative potentials (Fig. 7A-c) . At each onset of the current steps, however, the action potential was elicited but the afterhyperpolarization was markedly depressed (Fig. 7A-c, B-b) . Thus the cause of abolition of pacemaker activity in Ca2 + -free media was considered at least partly due to an inhibition of the afterhyperpolarization (see DISCUSSION).
Contribution of the fast inward current INaf
The persistent spontaneous action potentials after the block of IS; with Cot + (Fig. 7A-b) suggested that another inward current i.e. the fast inward current INaf Vol. 36, No. 3, 1986 Fig. 7. A) Effects of Cot + and Cat +-free on the depolarization-induced automaticity in the presence of Bat + . Bat + (1.0 mM) was present throughout and the depolarizing current was applied with 0.1µA steps. Records in control Bat +-Ringer (a), Bat + plus Cot + (3 mM) (b), and Cat +-free, Bat + plus Cot + solution (c). Traces from top to bottom are applied current, membrane potential, and tension. B) Effects of Ca2 +-free on the depolarization-induced automaticity in the presence of Bat + Experimental protocols were the same as in A, and applied current (1), membrane potential (V), and tension (T) were recorded simultaneously. Records in Bat + (1.0 mM) Ringer (a), and Cat +-free, Bat + Ringer (b). Action potential amplitude and afterhyperpolarization were suppressed in Ca2+-free solution.
H. GONDO, K. IKEDA, and M. GOTO Fig. 8 . A) Effects of TTX and Na + -deficiency on depolarization induced automaticity in the presence of Bat + . Bat + (1 mM) was present throughout and the depolarizing current was applied with 0.1µA steps. Records in Bat + solitary (a), Bat + plus TTX (1.5 µM) (b), and Bat+ plus decreased Na+ (10 mM) (c) solutions. Traces from top to bottom are applied current and membrane potential. B) Effects of Na+-deficiency on action potential in the presence of Bat + . Bat + (1 mM) was present throughout and experimental protocols were the same as in A. Traces from top to bottom are applied current, membrane potential and tension. Records in Bat + (a) and Bat + plus decreased Na + (10 mM) (b) solutions. Note disappearance of afterhyperpolarization in Na+-deficient solution. C) Semilogarithmic plots of the also contributes to the pacemaker activity at more negative potentials. Therefore the effects of tetrodotoxin (TTX) and removal of Na+ on the depolarizationinduced pacemaker activity were examined (Fig. 8) . When INaf was depressed by applying 1.5 µM TTX, the pacemaker activity in the negative potential range was indeed abolished, leaving the activity in the less negative potentials unaffected (Fig.  8A) .
In the solution of decreased Na + (10 mM), with or without TTX, however, no spontaneous activity was induced (Fig. 8A-c) . As seen in Fig. 8B-b , stimulated action potentials elicited no afterhyperpolarization. This could be partly explained by a depression of action potential, but the presence of an outward current component which is sensitive to [Na+]o was not excluded. Current tail analysis showed a suppression of the fast component (IXS) in the Na + -deficient solution (Fig.  8C ).
DISCUSSION
The properties of membrane potential and currents of Bat+-induced pacemaker activity were investigated using the bullfrog atrial muscle. We found that the suppression of both the anomalous rectifier (Iki) and the slow component of delayed outward current (la) by Bat + provides an important condition for generation of the pacemaker activity. Cyclic changes in the amplitude of IS;, INaf, and the fast component of delayed outward current (IXS) may underlie the generation of the spontaneous action potentials.
1. Elimination of the anomalous rectifier and depression of delayed outward current by Bat + . It is well known that Bat + diminishes the background K conductance and decreases the resting membrane potential of cardiac tissues (HERMSMEYER and SPERELAKIS, 1970; HIRAOKA et al., 1980; OSTERRIEDER et al., 1982; COHEN et al., 1983) . In the present study, the decrease of the K conductance was attributed to the elimination of Iki, since the current-voltage relationship became linear with lowered conductance in the presence of Bat + (Fig. 3) . The natural pacemaker, such as the sino-atrial and atrioventricular nodal cells virtually do not possess the anomalous rectifier K channel and have a low background K conductance, compared to ventricular cells (NoMA et al., 1984; GILES and SHIBATA, 1985) . Thereby the deactivation of the delayed outward current works more efficiently in producing pacemaker depolarization. Thus, it may be concluded that a low background K conductance is one of the essential requirements in the initiation of the spontaneous activity.
IX tails and the effect of Nat-deficiency. Bat + 0.3 mM was present throughout. Voltage clamp protocols were the same as in Fig. 5B . The decay time course in the control (0) was separated into two components, whereas that of Na + -deficient (10 mM) solution (A) was expressed in one component, because of the strong inhibition of the fast component (Ixs).
If the block of Iki by Bat + is decreased during the preceding action potential and develops gradually during the diastolic period, a time-dependent decrease in Iki may contribute to the pacemaker depolarization observed in the present study. Pacemaker depolarization generated mainly by such a mechanism has been reported in several tissues (CARMELIET et al., 1983; DIFRANCESCO et al., 1984; IMOTO et al., 1985) . In the present study a small contribution of the time-dependent block of Iki could not be excluded. Our result in Fig. 5 , however, suggested that the contribution of Iki is small. This view may be supported by the following findings, l) Even if Iki is assumed to be completely unblocked at + 20 mV, and blocked at -60 mV, the amplitude of Iki change will be less than 0.10 µA in 0.1 mM Ba2 + (see Fig. 3 ), whereas the amplitude of 4 in the same concentration of Ba2 + is 0.61 RA (Fig. 5B) . 2) In the single ventricular cells in which the IX (IK) current is almost absent, the time constant of the time dependent block of Iki by Ba2 + is about 600 ms in 0.1 mM and about 90 ms in 1.0 mM at -60 mV (Imoto, Ehara, and Matsuura, personal communication) . HAGIWARA et al. (1978), and STANDEN and STANFIELD (1978) also reported similar results on the dose dependency of the time constant of the Iki block. In the present study, as shown in Fig. 5B , the time constant of the fast component of IX was little affected by Ba2 + in the concentration of 0.1 or 1.0 mM. In addition, the duration of the slow diastolic depolarization in the frog atrium is 1.5-2 s in 1.0 m.M Ba2 +, which is much longer compared to the time constant of the Iki block. BROWN et al. (1976a, b) , and NOBLE (1976) also reported that thee deactivation of Ixslow (IXS) component of the delayed outward current was most responsible for the pacemaker potential in the depolarization-induced automaticity.
Delayed outward current I, was suppressed by Ba2 +, in a concentrationdependent manner (Fig. 5) , and its decay time course was potential-dependent, faster in more negative potentials (Fig. 4) . This can be explained by the voltagedependent blocking effect of Ba2 + on IX (OSTERRIEDER et al., 1982) superposing on the ordinary voltage-dependent decrease of the time constant of IX current tail at more negative potentials. Thus, if the afterhyperpolarization is more negative, then the slope of the following diastolic depolarization would be steeper.
2. Does If current contribute to Ba2 + induced automaticity? In some studies on the natural pacemaker it has been reported that I. plays an important role in generation of pacemaker depolarization (BROWN et al., 1979; BROWN and DIFRANCESCO, 1980; MAYLIE and MORAD, 1981) . On the other hand IRISAWA (1980a, b), and NoMA et al. (1983) concluded that 4 plays a minor role in it, as deduced by; 1) the activation threshold of 4 lies well below the maximum diastolic potential, 2) its time constant is much larger compared to the periodic time of the automaticity, 3) 4 is strongly blocked by Cs + whereas the spontaneous pacing rate changes little. In the frog atrial muscle, the threshold of If is below -90 mV (Figs . 2, 6 see also GoTo et al., 1985) , thus it was not activated within the potential range of spontaneous activity. In addition, automaticity was not induced by depolarization in the high K+ solution (Fig. 6B ) whereas 4 markedly increased (Fig. 6A) . Although other factors, for example, a decrease in amplitude of IX current and the reduction of potential change in the slow diastolic depolarization due to the decrease in membrane resistance (KATZUNG and MORGENSTERN, 1977) in high K + solution, have to be considered the findings seem to suggest that automaticity is not induced by If. Summarizing the results presented, the relationship between the activation of IX and If, and the voltage range of Bat+-induced automaticity is schematized in Fig. 9 .
3. Role of inward currents ISI, INaf, and external Ca2+ and Na+. In the constant presence of Bat +, the slow channel blocker Cot + produced an inhibition of the depolarization-induced pacemaker activity at less negative potentials, and in contrast, addition of TTX did so at more negative potentials (Figs. 7, 8) . KATZUNG (1974) reported similar results in guinea pig ventricular muscle using TTX, verapamil, and Mn2 + but without Bat + . Thus, it was concluded that at more negative potentials INaf contribute to the spontaneous discharge, while I, does so at less negative potentials.
In contrast to the effect of TTX, the removal of external Na+ caused a complete inhibition of depolarization-induced automaticity (Fig. 8A-c) . The presence of external Na+ itself seemed to be a prerequisite for the automaticity. The delayed outward current, especially the I, component diminished in Na + -deficient media in the presence of Ba2+ (Fig. 8C) . GoTo et al. (1983) reported similar results Vol. 36, No. 3, 1986 Fig. 9. Voltage range of Bat +-induced pacemaker activity and activation of IX and 1f.
In the voltage range of Bat+-induced automaticity, If is not activated; in this range, activation and deactivation of I, are observed. EX (Ix-reversal): the reversal potential of I,. " ' Activation curves are based on the previous study (GoTo et,al., 1983 . Curves in the left show activation of If in 2.5 mM K+ (lower) and 5 mM K+ solution (upper).
H. CONDO, K. IKEDA, and M. GOTO without Bat +. Thus, in Na + -deficient solution, pacemaker depolarization would not be induced, since an afterhyperpolarization and the diastolic depolarization due to I, decay does not occur. In addition, a decrease of Ca current due to reduction of the driving force of Cat + might participate in the inhibition of the pacemaker activity, because [Ca2 +]; would be raised by Na-Ca exchange mechanism in lowered
[Na+]o. Similarly when Cat + ions were removed from the perfusate the depolarizing current failed to induce the automaticity in many cases, and the stimulated action potential at each step of the current was characterized by a considerable suppression of the afterhyperpolarization (Fig. 7) . Although the precise explanation of this phenomenon remains in dispute, a decrease of [Ca2+]o dependent outward current by removal of external Ca2 + (GoTo et al., 1983) , a reduction of amplitude of the I, due to changes in action potential configuration, and a negative shift of inactivation of INaf in the Ca2 +-free media (WEIDMANN, 1955) might be considered.
In some papers, the slow inward current IS; was reported to be increased by Bat + (KOHLHARDT et al., 1973; HIRAOKA et al., 1980; OSTERRIEDER et al., 1982) . On the other hand YANAGIHARA and IRISAWA (1980b) found that it was unaffected. In our study 0.01 to 1.0 mM Ba2 + did not affect IS;, whereas, concentrations above 3.0 mM increased 4, (not shown), resulting in an augmentation of the overshoot of action potentials (Fig. 1C) . This was attributed to Ba current passing through the Ca channel (KOHLHARDT et al., 1973) .
